In this paper, a control strategy for a stand alone induction generator (IG) driven by a variable speed wind turbine for use in remote area power supply is presented. The IG is excited simultaneously by a capacitor bank and a PWM rectifier. During the voltage build up process, there is a variation in the flux linkage of the induction generator. The variation of the magnetising inductance is taken into account due to saturation of the core. To achieve the main goal of the control system, which consists to keeping the DC link voltage constant regardless of the magnitude of the load power, a direct power control (DPC) technique is proposed. In DPC approach, the converter switching states are selected directly by a switching table based on the instantaneous errors between the controlled and estimated values of active and reactive power. The simulation calculation was achieved using MATLAB ® -SIMULINK ® package and results are presented to support the theoretical discussion.
Introduction
The trend to reduce dependency of pollutant energetic sources, such as oil and coal, has been increasing the attention given to renewable energy. The wind is a renewable energy which is clean and abundant resource. Induction generators are widely used for wind powered electric generation. For the stand-alone operating, the squirrel cage induction machine is preferred thanks to its robustness, reduced cost and low maintenance. In addition, the induction generators do not need an external power supplies to produce the excitation magnetic fields. The excitation can be provided by means of PWM converter and a capacitor bank connected to the stator windings of the induction generator. The device has to be controlled in order to maintain the DC voltage at a constant value whatever the speed and the load values as long as the wind power is sufficient to satisfy the electric needs.
Several works have already dealt with the study of the autonomous induction generator and different solutions have been suggested to control the DC voltage. Field oriented control [1] [2] [3] [4] [5] [6] [7] [8] [9] and direct torque control [10, 11] were proposed to maintain the terminal voltage constant. These strategies are robust and permits to obtain accurate control with excellent regulation of the DC voltage. With DTC, no speed-loop is needed for the controller and a true sensorless controller is naturally obtained. It, consequently, appears to be superior to vector control scheme.
In this paper, the conventional direct torque control scheme for induction motor drives is extended to control directly the active power (DPC) delivered to an active load by a wind turbine driven squirrel cage induction generator (SCIG). The SCIG is interfaced to the load through an AC-DC converter (PWM rectifier). The goal of this proposed control system is to maintain the DC bus voltage at constant value independently of the variations of the load.
The DPC for IG has been studied in some literatures [12, 13] and proved to have several advantages over the conventional vector control. In this control strategy, the error in the reference power and the actual power is utilized to generate the voltage control directly as in conventional DTC drives [14, 15] . This method reduces the number of PI controllers used when compared to the vector control based variable speed wind turbine generator systems. The DPC like DTC is a stator flux based control technique having the advantages of robustness and fast controls [16] . DPC has following advantages: Simpler voltage and power estimation algorithm, Easy implementation of the unbalanced and distorted line voltage compensation to obtain sinusoidal currents (low THD), excellent dynamics and no coordinate transformation is required [17] The whole control system thus obtained is simulated using MATLAB-SIMULINK software. Simulations results for a 5.5 kW induction generator are presented and discussed to verify the effectiveness of the developed control strategy.
System description
The studied overall system is represented in Fig.1 . It comprises a wind turbine, an induction generator, a PWM rectifier and an active load.
The goal of the device is to keep the DC bus voltage V dc at a constant value whatever the load variations.
Induction machine model
The model of the induction generator in the stationary reference frame -is established in assumption of saturation of the core. The electrical equations are then written as follows [18] : 
This model takes account of both saturation and cross magnetizing effects.
Model of three-phase PWM converter
The converter can be expressed, in a-b-c reference frame with following equations [19] Where C dc is the dc link capacitance, i L the load current.
Direct Power Control (DPC) system
Based on the principles of DTC strategy, direct power control (DPC) is developed in this paper to control the DC voltage delivered by a PWM rectifier fed induction generator. In this strategy, there are no internal current control loops and no PWM modulator block. The converter switching states are selected by a switching table based on the instantaneous errors between the controlled and estimated values of active and reactive power and the angular flux position. Therefore, the key point of the DPC implementation is a correct and fast estimation of the reactive and active line power.
A. Flux estimator
Based on the measured DC link voltage V dc and converter switching states S a , S b , S c , the flux components are calculated in ( -) coordinates system as follows [20] :
B. Active and reactive power estimator
The measured line currents i a , i b , are used to the power estimation [19, 20] . Fig.1 shows the configuration of the proposed control system based on DPC method. The controller features relay control of the active and reactive power by using hysteresis comparators and a switching table. In this configuration, the DC bus voltage is regulated by adjusting the active power transmitted to the load.
C. Block scheme of the DPC system
As shown in Fig.1 , the active power control, p*, is provided from the outer PI dc voltage controller block. The reactive power control, q*, is directly given from the outside of the controller. Errors between the controlled and the estimated feedback power are input to the hysteresis comparators and digitized to the signals d p and d q defined as:
Where h p and h q are the hysteresis band. 
Simulation results
To study the performances of the DPC system, the PWM rectifier with the whole control scheme has been simulated using the MATLAB SIMULINK software. The main electrical parameters of the power circuit and control data are given in table II. The graph presented in Fig.3 illustrates the phase voltage built up. The phase voltage value is fixed to 220V by an appropriate choice of the capacitance in the bank connected to stator winding of the induction generator (C=200 F).
In Fig.4 is presented the response to step change of the controlled DC voltage (from 465V to 550V) for a value of load fixed to 100 value that it tracks with a good accuracy and stability. The effect of DC load variation (Fig.7) on the operation of the system is illustrated in Fig.8,9 and 10. It can be seen that changes in load don't affect DC link voltage which remains almost. This is due to the fact that the system acts as a voltage generator, adjusting the power demand as a function of load variations, by regulating current values according to equation (13) . 
Conclusion
A Direct Power Control (DPC) scheme is presented that directly controls the active power delivered by an induction generator to an active load. An AC-DC (PWM rectifier) is used as the power electronic interface between the load and the induction generator. To control the converter, a switching table based on the errors in instantaneous values of controlled and estimated active and reactive power is used. The simulation results agree with theoretical previsions illustrated by the by the power assessment between the Ac and DC sides of the converter, and clearly, show that the system acts as a voltage generator adjusting the power delivered by the generator to the load demand with an aim to keeping the DC bus voltage as constant value. Since constant DC voltage is achieved a DC load can use it directly, or, if required it is a matter of having an inverter to produce a constant voltage and frequency AC output. 
